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ABSTRACT
Eduardo, Benjamin Enrique, M.S., 1986 Geology
"Mineralization and Alteration of the Chisay Zone, Casapalca Mining 
District-PERU" (70 pp.)
Chairman: Dr. Ian Lange
The Chisay vein and disseminated deposits are in Tertiary 
volcanic rocks on the eastern flank of the Americana syncline,
4.5 km southeast of the Casapalca mining camp. This area is 
located on the western flank of Andes mountains in Peru. The 
area is cut by the east-west striking Carmen and the northwest 
striking Americana faults. Seven lithologie units were 
recognized in the 550 m thick volcanic sequence of Chisay. The 
rocks include lava flows, mud flows, volcaniclastics and conglo­
merates .
Copper-silver bearing deposits occur as veins and irregular­
shaped vein controlled ore bodies within a lava flow or sill.
The ore minerals include chalcopyrite, tetrahedrite and lesser 
amounts of bornite, galena and sphalerite in a quartz-calcite- 
dolomite-pyrite gangue. The paragenetic sequence of deposition 
is : 1) quartz-pyrite, 2) chalcopyrite-sphalerite-galena, 3)
tetrahedrite, and finally 4) carbonates.
Phyllitic alteration (quartz and sericite) forms envelopes 
around the veins and ore bodies up to 9 m wide. Less intense 
propylitic alteration is outboard of the phyllitic alteration and 
consists of chlorite, carbonates and pyrite. No argillic 
assemblage was recognized in the zone. X-ray diffraction studies 
show the main mineral of the phyllitic zone to be an IMd 
dioctahedral potassium white mica, which suggests temperatures 
of 200-350*C.
Metal contour maps of copper and silver were plotted on 
longitudinal sections of the Chisay 465 vein. Metal ratios of 
Ag/Cu plotted in the same vein suggest the mineralizing solutions 
moved 45® upward and toward the northeast away from the Americana 
fault. The metal ratios also suggest copper mineralization may 
intensify at depth.
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CHAPTER I 
INTRODUCTION
Location
The Chisay zone, located in the Americana zone of the Casapalca 
mining district, is located 4.5 kilometers southeast of the Casapalca 
mining camp, near the crest of the Peruvian Andes and close to the con­
tinental divide (see Figure 1). The Americana zone is in the Lima 
department, Huarochiri province and Chicla district. Elevation within 
the district ranges from 4,500 meters to 5,300 meters. Pleistocene 
glaciation has produced excellent rock exposures in the higher 
elevations.
Previous Work
Several studies have been done in the Casapalca mining district. 
McKinstry and Noble studied the geology and ore deposits of the 
district in 19 32; they determined one mineralization center about which 
the different types of mineralization and wall rock alteration are sym­
metrically zoned. They produced a detailed description of the veins of 
Casapalca, Peru. Amstutz (19 60) described the copper deposits of 
Caprichosa and Antachajra located very close and south of the Chisay 
mine. He suggested a syngenetic origin, and that these ore deposits 
are the result of syngenetic-hydrothermal or deuteric crystallization 
of cogenetically accumulated ore solutions. Overweel (19 61) studied 
the central alteration body of Casapalca and discussed the coincidence 
of ore shoots and alteration body with the axial planes and the steep 
limb of the Casapalca anticlinorium.
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FIGURE 1 LOCATION AND SURFACE GEOLOGY OF CASAPALCA DISTRICT
Fluid inclusion studies in sphalerite and quartz (Rye and Sawkins, 
1974) indicate temperatures of ore deposition ranged from 370® to 
280®C. There are four paragenetic stages in the Casapalca veins: 1)
sphalerite-galena-pyrite, 2) chalcopyrite-pyrite-sphalerite, 3) tetra­
hedrite and 4) quartz-carbonates [Rye and Sawkins (1974) and Wu and 
Petersen (1977)]. Wu (1975) studied the geochemistry of tetrahedrite- 
tennantite in the Casapalca main vein system; he proposed a zoning pat­
tern of mineralization based on the chemical composition of 
tetrahedrite in which the boundaries between zones are transitional. 
Finally Alvarez (1980) studied the quantitative zoning of the Casapalca 
mine and determined the direction of flow of mineralizing solutions 
which indicated a general domal zoning.
Purpose and Scope
The purpose of this study was to describe and interpret the 
mineralogy, alteration, zoning, controls of mineralization and genesis 
of the Chisay Mine and compare this to the well studied Casapalca vein 
system. First, the district geologic setting and the general
characteristics of the Casapalca vein system will be described. Second
the details of the volcanic sequence of Chisay and the main structures 
will be described. Then the ore deposits and the nature of the minera­
lization of the Chisay area will be described and interpreted. Next
the alteration associated with the ore deposit will be discussed and 
finally the zoning of the system will be interpreted.
Methodology
Field work done during June-August 19 85 included (1) surface 
mapping of the different lithologie units of the zone, (2) mapping
of the veins, ore bodies and alteration on surface and underground, (3) 
logging of diamond drill cores drilled done in the Chisay Mine in 19 66 
and (4) systematic sampling for petrography and analysis.
Following the field season, pétrographie. X-ray diffraction and 
analytical studies were performed in order to understand the mineralogy 
of the veins, ore bodies and wall rock alteration. In addition, metal 
distribution maps were made to help understand the zoning of the 
deposit.
CHAPTER II 
DISTRICT GEOLOGY 
Stratigraphy
The stratigraphie succession of the region is comprised mainly of 
limestones, sandstones and calcareous shales (red beds), breccias and 
volcanic flows with a total thickness of about 5,400 meters (see Table 
1).
Cretaceous
The Cretaceous Machay Formation, which has not been studied in 
detail in the Casapalca district, is composed of interbedded limestone 
and sandy shale. These rocks are found in the southwestern part of the 
Casapalca district. The thickness is about 610 m (McLaughlin, 1924).
The Jumasha Formation, stratigraphically above the Machay is a 
uniform light gray limestone generally more massively bedded than the 
Machay limestone. This unit, not exposed on the surface of the Casa­
palca district but intercepted by the Graton tunnel (5,200 level), is a 
sequence of limestone interbedded with shales. In the tunnel these 
limestones are altered to skarn due to proximity to an intrusive body.
Tertiary
The Casapalca Formation, the oldest Cenozoic formation, forms the 
center of the Casapalca anticline and is cut by the Rimac River (see 
figures 1 and 2). It is divided into three members (see Table 1): (1)
The Casapalca red beds consist of interbedded red sandstones and 
calcareous shales. Toward the top of the 1,300 m thick unit are found
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TABLE 1, Stratigraphie column of the Casapalca district
Age Formation
Thickness 
Member (meters) Rock type
Quarternary Glacial deposits
Tertiary
(Unconformity) 
Rio Blanco 650+
Tuffs & volcanic 
breccia
Bellavista 200-900 Thin-bedded siliceous 
limestone & shale 
interbedded with 
volcanic rocks
Carlos
Francisco
Yauli-
yacu
400-500 Tuffs
Carlos
Fran­
cisco
400-1,100 Andesitic porphyry, 
breccia, probably with 
some intrusive
Tabla-
chaca 100-750 Andesitic tuff, 
porphyry, breccia, 
agglomerate, con­
glomerate with minor 
sandstone & limestone
(Disconformity) 
Casapalca
Carmen 80-200
Interbedded lenses & 
conglomerates of lime­
stone, sandstone & 
shale
Amyg­
daloid
5 Lava flows locally
Red-
beds
1,300+ Shale, sandstone & 
some limestone
Cretaceous
(Unconformity)
Jumasha
450 Massive limestone with 
some interbedded shale
Data from McLaughlin, 1924; McKinstry and Noble, 1932; Amstutz, 1960.
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interbedded limestones; (2) An amygdaloid lava flow approximately five 
meters thick is next. It marks the beginning of volcanism in the area 
(McKinstry and Noble, 19 32); (3) The Carmen conglomerate member 
consists of a series of conglomerate and limestone beds, interbedded 
with sandstones and shales. The thickness ranges from 80 to 200 meters 
and the individual beds undergo great local variation both horizontally 
and vertically. The conglomerate is composed of pebbles and boulders 
of limestone and sandstone in about equal proportions cemented by 
calcite.
Overlying the Casapalca formation is a succession of volcanic 
rocks of the Carlos Francisco Formation, studied by McLaughlin (19 24) 
and McKinstry and Noble (19 32). The Carlos Francisco Formation 
consists of three members which include Tablachaca, Carlos Francisco 
and Yauliyacu. The Tablachaca volcanics are a thick series of mud 
flows, lava flows and tuffs, and igneous breccias of uncertain origin. 
This member ranges in thickness from 100 to 750 meters and consists of 
andésite porphyry, andésite tuff, breccia, agglomerate, sandstone, 
conglomerate, quartzite and limestone. The Carlos Francisco Porphyry 
consists of a massive andésite porphyry and a porphyry breccia. The 
massive porphyry beds are gray to greenish, locally bearing hornblende 
phenocrysts. The porphyry breccia consists of angular fragments of 
porphyry usually greenish, in a matrix of reddish porphyry (McKinstry 
and Noble, 1932). The thickness varies from 400 to 1,000 meters. The 
Yauliyacu tuffs, the third member, are 400 to 500 meters thick and 
consist of fine-grained reddish tuff.
The remainder of the Tertiary section at the Casapalca district 
consists of two formations. The Bellavista Formation overlies the
Carlos Francisco Formation and varies in thickness from 200 to 900 
meters (see Table 1). It is a thin bedded, siliceous limestone which 
interbedded with andesitic rocks near the top. The overlying Rio 
Blanco Formation consists of massively bedded extensive rhyolite tuffs 
with some thin sills of rhyolite. The formation is up to 650 meters 
thick.
Quarternary
The development of the modern topography was a lengthy period of 
glaciation during which the higher valleys and ridges were scoured by 
active glaciers or buried under extensive ice fields (McLaughlin,
19 24). Evidence of this glaciation observed in the Casapalca area 
includes glacial cirques, lateral and terminal moraines and U-shaped 
valleys.
Intrusive Rocks
Tertiary intrusive rocks occur scattered through the central and 
eastern part of the district. Most of the rocks are intermediate in 
composition and characterized by a high Na20 content. There are no 
locations where one type cuts another, and all the types may have 
originated from the same magma. The coarser grained and slightly more 
acid types occur in stocks and laccoliths while the finer and slightly 
more basic types occur as dikes and sills (McKinstry and Noble, 19 32).
The "Taruca" porphyry occurs in the northern and eastern part of 
the district as stocks, sills and dikes of grayish-green medium grained 
porphyry. The dikes are finer grained and greener in color than the 
porphyry of the stocks, but all gradations are found. The phenocrysts 
consist of euhedral white to greenish feldspars and elongated hornblende
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laths. The rock is compositionally an albite diorite or a Na20 rich 
syenite (McKinstry and Noble, 19 32).
The "ventiuno" andésite intrusive is composed of a number of fine 
grained diabase sills and dikes which intruded the redbeds of the 
Casapalca Formation.
Finally, the Victoria porphyry is a light colored somewhat altered 
porphyry which occurs in lenticular outcrops, probably sills intruding 
the redbeds in the northwest corner of the district. The rock is 
medium grained, coarser than the "veintiuno" andésite, but finer 
grained than the Taruca porphyry.
Structural Geology 
The structure of the district is characterized by large, slightly 
overturned folds including the very prominent Casapalca anticlinorium. 
The major folding is along axes parallel to general Andean structure 
and having a strike roughly N20‘*W (see Figures 1 and 2). The Casapalca 
anticlinorium has minor synclines and anticlines on its flanks. The 
Rio Blanco syncline lies to the southwest of this anticlinorium. It 
exposes the Rio Blanco volcanics, the Bellavista limestone and the 
Carlos Francisco porphyry. The Americana syncline, in which all the 
Tertiary volcanic units are exposed, borders the northeastern flank of 
the Casapalca anticlinorium.
Three major reverse faults found within the Casapalca area are the 
Infiernillo fault which strikes ’I45®W and dips 70® to the SW, the 
Rosaura fault which strikes N ®W and dips 80® to the SW, and the 
Americana fault which strikes N38®W and dips to the SW. Some of the 
mineralization in the district is genetically related to the Rosaura
11
and Americana faults, ' The age of this folding and faulting is related 
to the great early Tertiary orogenic movement or "Incaic folding".
Most of the Casapalca vein system strikes northeast, dips north­
west and makes an acute angle with the strike of the fold axes (see Figure 
1). The system is about 5 km long and extends over a vertical distance 
of 2 km. In the southeast portion of this system, the veins appear to 
radiate out from a point on the main fracture zone between "Aguas 
Calientes" section (C vein), and the northeastern part of the "Carlos 
Francisco" section (A, L, M, P and S veins) (see Figure 1).
The veins of the Casapalca system are along shear and tensional 
fractures with a major stress axis oriented more or less perpendicular 
to the folding axis (Alvarez, 19 80). The veins average less than 1 
meter wide and are structurally controlled.
The volcanics have evidently undergone brittle fracture and the 
veins in them are intricate and branching. The Casapalca red beds, 
however, have undergone plastic deformation. In the Carmen member, 
the hard conglomerate beds appear to have broken easily. Where the 
fractures pass into shale the veins pinch to narrow widths. The veins 
change in strike when they pass from one type of rock to another.
Mineralization, Alteration and Zoning 
The main ore minerals of the Ag-Cu-Zn-Pb-bearing vein deposits 
of the Casapalca district are sphalerite, galena, tetrahedrite and 
chalcopyrite. Gangue minerals include pyrite, quartz, and carbonates 
(calcite, manganiferous calcite and hodochrosite). Locally abundant or 
rare minerals present are orpiment, realgar, argentite, boulangerite, 
jamesonite, bournonite, ruby silver, geocronite, ouyheeite, stibnite.
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rhodonite, barite, huebnerite, arsenopyrite, miargyrite, polybasite and 
diaphorite.
The sequence of deposition established by Wu and Petersen (19 77) 
confirm in part the paragenetic study of Rye and Sawkins (19 74) (see 
Figure 3). Wu and Petersen determined that most of the tetrahedrite of 
stage III partially replaces chalcopyrite of Stage II, and occurs as 
overgrowns on chalcopyrite or as veinlets in chalcopyrite.
The Casapalca Mine has typical lateral mineral zoning and has been 
described by many geologists including McKinstry, Noble (19 32), Wu, 
Petersen (19 77) and Alvarez (19 80). Based on mineralogical changes 
related to mineral temperature deposition and to the extent and 
intensity of wall rock alteration, they recognized three zones of 
mineralization (see Figure 4). The characteristics of the three zones 
are summarized in Table 2.
Zone 1 has the greatest concentration of copper in all veins.
Most of this copper is in chalcopyrite. Zinc is also abundant.
Zone 2 has ore shoots of copper and silver in tetrahedrite bordering 
zone 1. Lead and zinc are abundant and are in galena and sphalerite, 
respectively. Zone 3 shows scattered ore shoots of silver in the upper 
levels of the mine. The amount of zinc and lead decrease relative to 
zone 2. The metal ratios of Pb/Zn, Ag/Cu and Ag/Pb at the Casapalca 
Mine suggest mineralizing solutions moved from the central part of the 
mine (between the M and C veins) northeast and southwest, upward and 
outward in a domal zoning pattern (Alvarez, 1980) (see Figure 5).
Wall rock alteration follows the general pattern of propylitiza- 
tion at some distance from a vein to pyritization, sericitization and
13
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Figure 3. Paragenesis of the Casapalca vein system. After Wu and 
Petersen (1977). Temperature data are from Rye and Sawkins (1974).
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Figure 4. Longitudinal section along A'-A of Figure 1, looking southeast and showing the 
zonation of mineralization. Wall rock alteration, ore mineral and metal characteristics are 
given in Table 2 (Data from McKinstry and Noble, 1932, Wu and Petersen, 1977, and Alvarez, 1980.
TABLE 2. Wall rock alteration, ore mineral and metal zoning in the Casapalca vein
'X'
system.
Zone Wall rock alteration
Characteristic minerals 
other than pyrite, 
sphalerite and galena
Metal
distribution
Most intense alteration observed in 
surface and exposures; rocks are 
strongly silicified with disseminat­
ed fine grained pyrite cubes and 
epidote nodules; the alteration 
zone extends several hundred meters 
from the vein
Less intense alteration and/or 
bleaching of wall rock. Moderate 
silicification. Abundant sericite 
and carbonates. Width varies from 
30 rn or more adjacent to zone 1 to 
a few centimeters or less
Least altered zone is less than a 
few centimeters wide. Propylitiza- 
tion (chlorite and epidote)
Chalcopyrite, As-rich 
tetrahedrite
Cu
Sb-rich tetrahedrite, 
bournonite
Ag and Cu
Stibnite, realgar, 
orpiment, jamesonite
Scattered Ag
Data from McKinstry and Noble 1932, Wu and Petersen 1977, and Alvarez 1980.
"Xr
Refer to Figure 4 for alteration-mineralization zone distribution.
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silicification near the vein. The mineralization and wall rock 
alteration is distributed in a crudely symmetrical way with the center 
at depth between the Aguas Calientes (C vein) and Carlos Francisco 
(A, L, M, P and S veins) areas. The alteration is broadest and most 
intense above this center. Northward and southward from this center
there is a gradual but definite change in mineralization accompanied by
diminishing intensity of alteration (McKinstry and Noble, 19 32) (see 
Table 2).
In the Carlos Francisco porphyry the hornblende is replaced by 
chlorite and calcite. The feldspars are sericitized. Quartz was intro­
duced and tends to concentrate around the hornblende phenocrysts. 
Epidote and zoisite appear and feldspar phenocrysts are visible 
macroscopically at an increasing distance from the vein. The most
intense alteration, strong silicification and pyritization, occurs in
the Casapalca red beds and Carmen conglomerate. The weakest alteration 
in the Casapalca redbeds is characterized by bleaching. This 
alteration was recognized by McKinstry and Noble (19 32).
Fluid inclusions and stable isotope data indicate that ore deposi­
tion in the Casapalca vein system was from hydrothermal fluids of deep 
seated postmagmatic origin. The incursion of meteoric waters and com­
ponents derived from upper crystal sources was restricted to postore 
calcite deposition (Rye and Sawkins, 1974),
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Figure 5. Longitudinal section of Casapalca Mine along A'-A of Figure 1, looking southeast and 
showing the flows of mineralization of the Casapalca veins.
CHAPTER III 
THE VOLCANIC SEQUENCE OF CHISAY
Description of Map Units 
The volcanic sequence of Chisay is underlain by the Casapalca 
Formation and overlain by the Bellavista Formation. The total 
thickness of the Chisay sequence is approximately 550 meters (see Table 
3). A detailed description of the mapped units (bottom to the top) 
follows.
Lava Flow (Unit 1)
Outcrops of this unit are restricted to the eastern margin of the 
study area overlying the Casapalca Formation (see Plate 1 and Figure 6 ). 
The thickness of this unit ranges from 13 to 18 meters (see Table 3). 
The rock is a reddish gray andésite plagioclase porphyry. Table 4 sum­
marizes the mineralogy of this unit.
Microscopically, this rock has a very light brown groundmass con­
sisting of a dense mixture of plagioclase microlites plus very fine­
grained nondescriptive volcanic material. This presumably represents 
devitrification of an original glassy groundmass. The rock is weakly 
altered, chlorite replaces former amphiboles and carbonates are 
disseminated in the rock and also form veinlets.
A lava flow rather than ash flow origin is indicated by a glomero- 
porphyritic texture of plagioclase crystals which have a preferred 
orientation, by the complete absence of gla^s shards and pumice clasts 
and by the almost total absence of broken crystals and lithic 
fragments.
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TABLE 3. Stratigraphie section of the volcanic sequence of Chisay.
Unit Rock type Description
Porphyry 
±200 m
Conglomerate 
30-120 m
Lava flow 
±220 m
Mud flow
±17-38 m
Volcanic
sandstone
±17-26 m
Conglomerate
±9-16 m
Lava flow 
±13-18 m
Light gray, medium grained, porphyritic 
andésite, Euhedral to subhedral plagio­
clase phenocrysts (2-5 mm) in a 
devitrified-glassy groundmass.
Poorly sorted, massive, matrix and clast- 
supported pebble to boulder-sized con­
glomerate, green, brown and gray clasts, 
of volcanic lithologies.
Light gray fine to medium grained plagio­
clase feldspar porphyry. Subhedral 
phenocrysts of plagioclase (0.3-2 mm) and 
a few percent amphibols occur in a light 
brown groundmass.
Greenish gray, matrix supported, volcanic 
pebbles and cobbles in a reddish gray 
matrix of fine grained volcanic material
Poorly sorted, lithic fragments and 
broken crystals of plagioclase and 
quartz. Grain sizes range from 0.2 mm 
to 20 cms.
Reddish gray, poorly sorted, massive, 
matrix- and clast-supported pebble to 
cobble conglomerate. Rounded to sub­
rounded clasts of porphyritic volcanic 
lithologies.
Reddish gray, fine grained, andésite 
plagioclase porphyry. Subhedral plagio­
clase phenocrysts (0.5-2 mm) in a very 
fine-grained groundmass.
Disconformity
Casapalca Formation
TABLE 4, Mineralogy of Unit 1
% o f
Mineral rock Grain size Grain shape Alteration Textures/Comments
Plagioclase
(phenocrysts)
15-20 0.5-2 mm Subhedral, 
some euhedral
Some altered 
to sericite
Carlsbad and albite twinning 
of plag. Some phenocrysts 
show glomeroporphyrytic 
texture
Plagioclase
(microlites)
2 0 -3 0
Amphibole(?) <1 0.8-2 mm Being replaced 
by chlorite
Opaques 1-2
Carbonates
(secondary)
3 Calcite and dolomite(?) in 
veinlets and replacing min­
erals in the matrix of the 
rock
Chlorite 
(secondary)
1-2 After
amphiboles
Total repl.
Groundmass 3 0 -4 0 Devitrified glassy groundmass 
color: light brown
Sericite 
(secondary)
<1 After
plagi oclase
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Conglomerate (Unit 2)
The next unit of the volcanic sequence is a reddish gray conglo­
merate. One outcrop of this rock type was found in the eastern part of 
the zone (see Plate 1 and Figure 6 ). It consists of approximately 
nine to sixteen meters of a poorly sorted, massive, matrix and clast 
supported pebble to cobble conglomerate. Clasts are mostly subrounded 
to rounded and are mainly reddish gray. Clasts consist mainly of 
porphyritic volcanic lithologies. The matrix material is very fine­
grained, probably representing volcanic ash and mud. Because of 
alteration, it is not possible to see the original texture of the 
clasts. The rock has been altered extensively to carbonates.
Volcanic Sandstone (Unit 3)
Outcrops of this unit are restricted to the eastern corner of the 
map (see Plate 1) and are 17 to 26 meters thick. In hand specimen it 
is a reddish gray rock which shows subangular and subrounded clasts.
In thin section (see Figure 8b), the rock consists of varying amounts 
of poorly sorted broken crystals of plagioclase, quartz and lithic 
fragments. The lithics consist of porphyry andésites, shales, quartz 
lithoclasts and flow rocks. Table 5 summarizes the mineralogy of the 
unit. The volcanic sandstone is clast-supported and matrix material 
comprises 10 percent of the rock. The composition of the matrix is 
uncertain because of alteration to hematite and limonite. A few 
percent of opaque minerals also occur.
Both bedded anù nonbedded samples were found but graded bedCiig 
was not observed. Throughout the unit grain sizes range from 0.2 mm to
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TABLE 5. Mineralogy of Unit 3
% of 
rock Grain size Grain shape Alteration Textures/Comments
Plagioclase
grains
25-30 0,3-1 mm 
rarely bigger
Broken crystals 
subangular to 
subrounded
Poorly sorted subangular and 
subrounded grains
Porphyry
lithoclasts
30-4- 6 mm 
average
Subangular to 
subrounded
ti
Quartz
lithoclasts
5-10 0,3-7 mrn It If
Shale
lithoclasts
1 3 mm 
average
It It
Flow rock 
lithoclasts
10-15 8 mm 
average
ti It
Oxides 10-15 Matrix altered 
to hematite 
and limonite
Mainly in the matrix of the 
rock
Opaques 1-2
hjNJ
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20 cm. These volcanic sandstones have formed by sheetwash reworking 
volcanic and sedimentary materials.
Mud Flow (Unit 4)
Unit 4 (mud flow) is exposed on the eastern part of the map area 
(see Plate 1) and overlies the volcanic sandstone. The rock contains 
greenish-gray subangular and subrounded volcanic pebbles and cobbles up 
to 15 cm across. Most are matrix supported and occur in a reddish gray 
matrix of fine-grained volcanic material. In thin section the rock 
consists of poorly sorted and broken crystals of plagioclase, 
lithoclasts of mainly porphyritic andésite composition, plagioclase 
microlites and some disseminated opaque minerals. Table 6 summarizes 
the mineralogy of the unit. The thickness of this unit is 17 to 38 
meters.
A mud flow origin in indicated by the matrix supported texture of 
the rock and by the lack of sorting, layering and pumice clasts.
Lava Flow (Unit 5)
A light gray porphyritic andésite flow overlies the mud flow. 
Outcrops of this unit are also restricted to the eastern part of the 
mapped area (see Plate 1). The thickness of this unit is about 220 
meters (see Table 3).
In hand specimen the rock is a light gray fine- to medium-grained 
plagioclase feldspar porphyry. In thin section 20 percent of the thin 
section consists of subhedral plagioclase phenocrysts up to 2 mm long, 
a few percent amphiboles and 3-5 percent secondary quartz, all in a 
very light brown matrix of plagioclase microlites plus very 
fine-grained unrecognizable volcanic material. This presumably
Mineral
TABLE 6. Mineralogy of Unit 4
% of
rock Grain size Grain shape Alteration Textures/Comments
Lithoclasts 
of volcanic 
composition
25-30 0,2-150 mm Subangular to 
subrounded
Some big clasts 
show a small 
ring of altera- 
ion around them 
(darker brown 
color)
Matrix supported clasts
Plagioclase 20-30 0.25 mm 
average
Broken 
crystals ; 
angular to 
subrounded
Groundmass 40-45
Opaques 7-10 0.1 mm 
average
ISJ
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represents devitrification of original glass. Some of the phenocrysts 
of plagioclase show a glomeroporphyritic texture.
Alteration consists of calcite, dolomite and secondary quartz. A 
lava flow origin is indicated by the glomeroporphyritic texture of 
plagioclases, the complete absence of glass shards and pumice materials 
and the almost total absence of broken crystals and accidental 
inclusions.
Conglomerate (Unit 6 )
Outcrops of this 30-120 meter thick unit are restricted to the 
central part of the study area (see Plate 1 and Figure 6 ). The rock is 
a poorly sorted, massive, matrix and clast-supported pebble to boulder­
sized conglomerate. Clasts, mostly subrounded are green, brown and 
gray. They range from 0.5 mm to 70 cm across and consist mainly of 
plagioclase porphyritic andesitic volcanic flow lithologies (see Figure 
7B).
The volcanic matrix, very fine grained and altered, consists 
mostly of plagioclase crystals and probably was originally fine­
grained volcanic material. The rock was weakly propylitically altered.
Porphyry (Unit 7)
Stratigraphically at the top of the volcanic sequence of Chisay is 
a light gray, 200 meters thick porphyritic andésite. In some places a 
flow breccia occurs within the unit. Megascopically the rock is 
composed of medium grained plagioclase crystals floating in a medium 
gray, fragmental nondescriptive groundmass.
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Microscopically, the rock consists of 30-40% euhedral to subhedral 
phenocrysts of plagioclase, 2 to 5 mm in length and 1-3% amphiboles 
completely altered to chlorite, calcite and sericite. The groundmass 
is light brown and consists of small amounts of plagioclase microlites 
plus very fine volcanic material, probably devitrified original glassy 
groundmass (see Figure 7 0 .  Some of the plagioclase phenocrysts show a 
preferred orientation. The preferred orientation of the phenocrysts 
and the absence of broken crystals, glass shards and pumice indicate 
the rock could be either a lava flow or sill. The lack of flow rumble 
or breccia at the base of the unit and the massive, unvesicular nature 
of the unit are compatible with a sill origin.
Structures
The study area is located on the eastern flank of the doubly 
plunging Americana syncline. This fold is cut by the Carmen fault 
which strikes approximately N85-9 0®W and by the previously 
unrecognized Americana fault, a zone of thrust and reverse faulting 
that strikes N45®W and dips 57® to the southwest (see Figures 1, 2, 6 , 
7D and Plate 1).
The Americana fault has placed the Bellavista Formation in contact 
with the Carlos Francisco Formation (volcanic sequence of Chisay). The 
Americana fault zone was also intruded by a stock of "Taruca" porphyry 
north of the Chisay zone and the "Huaryracancha" porphyry south of the 
study area.
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Figure 7. Photomicrographs of thin sections of volcaniclastic and porphyry rocks of the 
Chisay zone, an outcrop view of Unit 6 and view of the Americana fault. A. Thin section 
showing clast-supported volcanic sandstone. Transmitted polarized light. B. View of 
pebble to boulder size conglomerate (Unit 6 ). Note pen for scale. C. Andésite pla­
gioclase porphyry (Unit 7) showing plagioclase phenocrysts in a fine-grained groundmass. 
Crossed polarizers. D, View of the Americana fault looking southeast, showing (b) 
Bellavista formation in the hanging wall and (p) Unit 7 (porphyritic andésite) in the foot 
wall.
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CHAPTER IV
CHISAY ORE DEPOSITS
Introduction
General
Two main types of mineralization are present in the Americana 
zone; copper-lead-zinc-silver with high silver values and 
copper-silver mineralization with values mostly in copper. The Coya, 
Oroya and Eloida Second Mines in the Bellavista Formation to the west 
of the Americana district have the former type of mineralization while 
the Caprichosa, Antachajra, Luisa and Chisay Mines in the Carlos 
Francisco Formation (Volcanic Sequence of Chisay), have the latter type 
of mineralization.
The Cerro de Pasco Corporation developed the Chisay Mine in the 
1960s. Three ore bodies (A, B, and C) were recognized as well as 
other small mineralized structures of apparently less economic 
importance. Several core holes were drilled in 19 66 and four were 
available for this study. Table 7 is a summary of the ore reserves of 
the A, B, and C ore bodies of the Chisay Mine reported by the 
Corporation and based in old mine workings and diamond drilling.
Sampling and Analyses
More than 60 thin sections and 40 singly polished sections from 
different ore bodies, veins and lithologie units were examined using 
eflected and transmitted polarized light microscopes. Samples were 
collected from diamond drill cores and underground and surface expos-
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TABLE 7. Summary of the tonnage and grade of
A, B and C orebodies 
1969).
(after Gaboon and Nunez,
DST Cu (%) Ag (oz)
A Orebody
Proved 34,110 2.24 3.7
Probable 3,470 1.91 5.4
subtotal 37,580 2.21 3.8
Prospective 19,220 2.17 4.7
Total 56,800 2.19 4.1
B Orebody
Proved 16,990 1.88 1.9
Probable 17,090 1.85 1.9
subtotal 34,080 1.86 1.9
Prospective 17,630 1.90 i .6
Total 51,710 1.88 1.8
C Orebody
Probable 1,270 1.66 2.1
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ures during the summer of 19 85. The study of the paragenesis of the
Chisay zone was based on these samples.
The diamond drill cores available for this study were provided by 
Centromin Peru S.A. The mineralogy and alteration of the most impor­
tant core examined and ore assays are listed in detail in Figure 13.
Copper, silver, lead and zinc assays of the ore bodies and veins 
were obtained from ore inventories of the Casapalca Mine for the study. 
Supplementary analytical methods used included X-ray diffraction 
techniques to identify clay minerals.
Physical Features of the Ore Bodies and Veins
General
The Chisay ore zone consists of a number of small ore bodies and 
short veins which are exposed mostly in an andesitic porphyry (Unit 7
of the volcanic sequence of Chisay) mainly in the footwall of the
Americana fault. The ore minerals occur as disseminations, small 
veinlets and larger fissures filling. The geology of these deposits 
and claim boundaries are shown in Plate 1 and Figures 8 , 9 and 10.
Description of the Ore Bodies and Veins
In the Chisay 340 claim, mineralization consists of two major ore 
bodies, the A and B ore bodies and the small C deposit known only from 
diamond drilling. The C ore body occurs in the hanging wall of the A 
ore body (see Figure 9).
These three ore bodies consist mainly of veinlets and 
disseminations of chalcopyrite, tetrahedrite and lesser amounts of 
bornite; some galena and sphalerite also occur. Pyrite is also
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widespread and occurs mainly in the wall rock. Other gangue minerals 
include quartz, calcite, dolomite and lesser amounts of barite and 
siderite.
The A and B ore bodies are vein controlled as indicated in Figure 9 
and 10. The veins locally have extensive halos of disseminated minera­
lization and vein intersections and the proximity of two veins are 
usually well mineralized. The extent of the A and B ore bodies is not 
known on the two development levels in the Chisay Mine. "A" ore body 
strikes N45®E, and dips approximately 75® to the northwest. The B ore 
body is more irregular in shape.
Furthermore, the extent of both ore bodies at depth is presently 
unknown. The C deposit is known only from diamond drill holes. Two 
veins and extensive disseminations were found in the drill holes, but 
it is not clear whether the C deposit is merely a split of the A ore 
body or a separate deposit.
The "Carmencita" vein strikes east-west and dips 68® south (see 
Plate 1). This vein contains abundant quartz, minor sphalerite, galena 
and some tetrahedrite over a distance of approximately 60 meters. To 
the west the vein is covered by talus and to the east the vein splits 
into a series of smaller veins which either pinch out or pass into a 
talus covered zone. Although the grade of the vein is low (0.26% Cu, 
0.5% Pb, 0.3% Zn and 1.5 oz. Ag over a 50 meter strike length), three 
small veins exposed 20 to 25 meters north of the east end of the 
Carmencita vein contain abundant chalcopyrite. These small veins are 
probably splits of the Carmencita vein. Thus, the Carmencita vein may 
contain significant chalcopyrite mineralization at depth.
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There are four small veins to the southeast of the Carmencita vein 
in the Sumi 391 claim. The two veins nearest the Carmencita vein have 
been explored by short underground workings, the veins are thin and of 
low grade. The mineralogy consists of chalcopyrite, pyrite, spha­
lerite, tetrahedrite and some galena; gangue includes quartz and 
calcite. These veins strike approximately N60®E, dip 75*-85® to the 
northwest.
Another small structure crops to the southeast and strikes N50"E 
and dips 74® to the southeast. Megascopically, it contains mainly 
quartz and galena. In addition, small amounts of chalcopyrite, 
tetrahedrite, sphalerite and pyrite were observed microscopically.
On the northern part of the Carmencita 854 claim near the 
Sumi-Carmencita boundary, occur two small veins which were developed by 
an adit approximately 15 meters long and an open cut. The vein con­
sists of quartz, calcite, chalcopyrite, bornite and pyrite.
Finally, other small similarly mineralized structures are exposed 
in the southeastern part of the zone (see Plate 1),
In summary, the veins and ore bodies described, with the exception 
of the Carmencita vein, strike to the northeast and are exposed very 
close to the Americana fault (see Plate 1).
Mineral Textures and Paragenesis
(General
This section describes the mineralogy, textures and paragenesis 
of the main ore bodies of the Chisay Mine. The major ore and gangue 
minerals chalcopyrite, pyrite, tetrahedrite (sphalerite-galena), quartz 
and calcite are discussed here.
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The mineralogy is relatively simple and consistent in all of the 
samples examined. Primary sulfide minerals in decreasing order of 
abundance, are chalcopyrite, tetrahedrite, pyrite, bornite and small 
clots of sphalerite and galena. Nonsulfide minerals, in decreasing 
order of abundance are carbonates (calcite, dolomite), sericite, 
quartz, iron oxides, siderite, barite and titanium oxides.
Although the mineral paragenesis in Chisay Mine is not always dis­
cernible, some relationships were observed and are shown in Figure 11. 
This paragenetic study identifies four stages of mineralization without 
obvious time breaks characterized by: 1 ) quartz-pyrite; 2 )
chalcopyrite (sphalerite and galena); 3) tetrahedrite; and finally 4) 
carbonates.
Quartz-Pyrite
Mineralization in the Chisay deposit appears to have begun with a 
major episode of quartz and pyrite precipitation. Quartz is abundant 
(10-15%) and occurs mainly as open space veinlet filling and 
disseminated in wall rock. The veinlets are up to 2 mm wide. 
Microscopically, quartz occurs as anhedral, fine-grained massive 
material and euhedral crystals. The average grain diameter is 1/2 mm, 
and individual euhedral prisms average 1/8 mm in diameter. Quartz 
abundance decreases considerably outward into the wall rock.
Pyrite (FeS2 ) and lesser amounts of marcasite(?) (FeS2 ) occur as 
megascopically visible grains or small veinlets. The amount of pyrite 
plus marcasite is apparently inversely proportio 1 to that of 
chalcopyrite. Pyrite occurs mainly disseminated in the wall rock 
replacing mafic minerals, filling spaces and also in small veinlets.
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It occurs as euhedral cubic crystals mainly in the wall rock with an 
average diameter of 2 mm and as anhedral to subhedral masses. The 
amount of pyrite is considerably less in the ore bodies and veins (<1%) 
relative to the wall rocks 03%).
Chalcopyrite
Chalcopyrite (CuFeS2 ) is the most abundant sulfide mineral in the 
Chisay zone. It is found mainly as disseminations and also as open 
space filling veinlets and replacing pyrite, hornblende, biotite and 
ilmenite-bearing magnetite. It is mainly anhedral. Most of the 
disseminations occur in the matrix of a porphyritic andésite (90%) and 
in phenocrysts (10%). The ilmenite network in magnetite is in places 
preserved but more commonly has converted to leucoxene.
Chalcopyrite in the A ore body apparently does not conform to the 
paragenesis pattern seen elsewhere. In addition, paragenetic rela­
tionships between pyrite, sphalerite, galena and tetrahedrite are not 
clear. However, in the B ore body and smaller structures, chalcopyrite 
precipitated after pyrite, but before tetrahedrite and apparently slight­
ly before sphalerite and galena. For example, in Figure 12D, a polished 
section of mineralization from the B ore body, smaller veinlets of 
tetrahedrite cut massive chalcopyrite veinlets. Other samples also 
show the same sequence of open space deposition and replacement.
The relationship between chalcopyrite and pyrite is not always 
apparent throughout the zone. However, where the relationship is 
discernable samples show replace 'nt of pyrite by chalcopyrite, the 
amount of chalcopyrite increases considerably toward the ore bodies and 
veins. Disseminated chalcopyrite composes up to 30% of the rock.
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Tetrahedrite
Tetrahedrite, a chemically complex mineral, is the second most 
abundant ore mineral in the Chisay Mine. Tetrahedrite from Casapalca, 
according to quantitative electron microprobe analyses by Wu (19 7 5), 
has the following composition:
(Cu,Ag)10 + X(Fe,Zn)2 (Sb,As>4 + ZS13 where 0 <X <0.5, 0<Z <0.15 
Tetrahedrite typically occurs as irregularly shaped masses in 
veinlets and also as disseminations. Textural relations show tetra­
hedrite is later than sphalerite, galena and chalcopyrite,
Tetrahedrite comprises up to 10% of some ore bodies.
Sphalerite and Galena
Sphalerite (ZnS) and galena (PbS) occur throughout the Chisay Mine, 
but most of the ore zones contain less than 1% of lead and 
approximately the same amount of zinc. Sphalerite is mainly yellow 
(iron poor) to red-brown colored in hand sample. It occurs as irregu­
larly shaped anhedral masses in small veinlets and as disseminations. 
Textural relationships of galena and sphalerite with chalcopyrite are 
not clear but they precipitated before tetrahedrite. Galena occurs 
mainly as anhedral masses together with sphalerite and appears to 
represent the same stage of deposition.
Carbonates
Calcite and dolomite are the major gangue minerals in the Chisay 
Mine. They are abundant in veinlets and as disseminations throughout 
the ore bodies, veins and the wall rock. These carbonates compose up 
to 30% of the rock. The pétrographie distinction between calcite and
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Figure 12. View of Carmencita vein and photomicrographs of ore mineral textures and 
alteration minerals in the Chisay zone. A, Outcrop view of Carmencita vein looking east 
showing (ph) phyllitic and (p) propylitic alteration. B. Veinlet of the C ore body 
showing open space filling, (s) sericite before (q) quartz and ore minerals (black) in a 
porphyry rock with disseminations of sericite. Crossed polarizers. C. Euhedral crystals of (q) 
quartz in a veinlet before (t) tetrahedrite (A ore body). Reflected polarized light. D. Massive 
sulfide vein (B ore body) showing veinlets of (t) tetrahedrite after (c) chalcopyrite and euhedral 
crysts of quartz (black). Reflected polarized light.
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dolomite is difficult and rocks must be stained in order to tell the 
difference. Apparently, these carbonates formed after the deposi­
tion of ore minerals. Some barite (less than 1%) was observed 
petrographically and is younger than the carbonates.
Wall Rock Alteration
General
Two distinct alteration mineral assemblages were recognized in the 
study area: propylitic and phyllitic (quartz-sericite). Propylitic
hydrothermal alteration (or green schist facies metamorphism) is 
widespread throughout the area. The most intense hydrothermal altera­
tion is restricted to the zones of mineralization. X-ray diffraction 
in addition to optical microscopic studies were necessary to identify 
the alteration minerals and the major sheet silicates in these altered 
zones.
The observed alteration mineral assemblages can be formed by either 
low grade burial metamorphism or hydrothermal alteration. In the 
Chisay area, the strong control of at least the phyllitic mineral 
assemblage by fractures and faults probably indicates a hydrothermal 
origin for that mineral assemblage.
Distribution
Lateral and vertical variation in the distribution and charac­
teristics of alteration minerals are not always clear in the zone. 
However, based on a detailed pétrographie study, at least two distinct 
mineral packages were recognized.
The most intense alteration zones form envelopes around the veins 
and ore bodies. The physical expression of the veins varies from
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tabular slabs of sulfide minerals up to 70 cm wide, to zones of closely
spaced fractures with disseminations of sulfides (ore bodies). In both
cases, the fractures were flow channels for hydrothermal fluids. The 
phyllitic zones formed along the fractures and grade outward into 
propylitic alteration.
Alteration Mineral Assemblages
A summary of the two types of hydrothermal alteration assemblages 
at the (3iisay zone is shown in Table 8 . Propylitic alteration is the 
most widespread alteration assemblage and affects all rocks in the area 
not affected by more intense alteration. The assemblage consists of 
calcite and dolomite (20%), chlorite (1%), quartz (1%), epidote group 
minerals (traces), sericite (3%), pyrite (2%), leucoxene (1%), and 
montmorillonite (traces). These minerals are not always present 
together; their presence depends to a large extent upon the avail­
ability of their chemical constituents. Sericite commonly occur in
minor amounts in the propylitic zone and the boundaries between altera­
tion zones are gradational.
In the Chisay volcanic rocks, hornblende was the first mineral 
altered and well preserved hornblende crystals are rather rare even far 
from veins. Hornblende is replaced mainly by chlorite, the first 
secondary alteration mineral introduced, calcite and sericite. The 
feldspars are slightly altered to sericite, carbonates and less 
commonly to chlorite. Secondary quartz formed after sericite and tends 
to congregate as fine-grained anhedral disseminations (1/8 mm 
diameter), and as small veinlets found mainly in the matrix and in 
phenocrysts.
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TABLE 8. Summary of hydrothermal alteration assemblages at the Chisay 
M i n e .
Fresh andésite
porphyry minerals Propylitic zone Phyllitic zone
Plagioclase
phenocrysts
Flakes of sericite, 
carbonates lesser 
chlorite
Sericitized, chiefly 1 md
Plagioclase
microlites
Sericite, carbonates Sericite, quartz
Amphibole Chlorite, calcite 
lesser sericite
Sericitized, carbonates
Magnetite Pyritized Pyrite and ore minerals
Groundmass Carbonates, some 
quartz, sericite 
and pyrite
Carbonates, quartz, 
sericite, ore minerals
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Pyrite, which may replace mafic minerals, occurs mainly dissemi­
nated in the groundmass. Carbonates (calcite and lesser amounts of 
dolomite) are the major wall rock alteration gangue minerals; they 
occur in veinlets and in patches throughout the rock replacing mafic 
minerals, feldspars and disseminated through the groundmass of these 
rocks.
Alteration colors seen in the field include purple, dark green, 
light green, light gray and white. The study of the alteration colors 
as depicted from field work, hand specimen and thin sections indicates 
the following alteration mineral suites:
1) The purple alteration color is due mainly to hematite, it also 
shows carbonates and some sericite, quartz and pyrite. Table 
9 summarizes the abundance of these minerals.
2) The dark green alteration color shows intense chloritization 
and pyritization, lesser amounts of sericite, carbonates and 
little quartz and leucoxene.
3) The light green alteration color is due to the presence of 
carbonates, sericite, and chlorite.
4) The light gray alteration color shows more intense sericitiza- 
tion of the feldspar phenocrysts and feldspar in the ground­
mass. This is gradational to the phyllitic zone.
5) The most intense alteration assemblage, white in color, is 
described below and represents a phyllitic alteration suite.
The phyllitic alteration suite forms envelopes around the veins and 
ore bodies. The assemblage consists of quartz, sericite, carbonates, 
pyrite, chalcopyrite and tetrahedrite. Sericite, the most abundant
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TABLE 9. Hand specimen alteration colors and abundance of 
alteration minerals.
Dark Light Light
Purple greenish greenish gray White
Mineral (%) (%) (%) (%) (%)
Sericite 2 3 6 10 20
Chlorite <1 10 3 <1 0
Quartz 3 <1 3 4 15
Carbonates 15 5 15 20 25
Hematite >20 - - - -
Epidote - tr tr - -
Tourinaline( ? ) - - - - <1
Leucoxene - 1 1 1 <1
Pyrite <2 5 3 2 <1
Overall hand specimen color in Unit 7— andesi te porphy ry.
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mineral, comprises 10 to 50 percent of the rock and is generally 
disseminated throughout the rock. Quartz occurs as anhedral grains in 
the groundmass and as veinlets with euhedral crystals. There is a 
strong correlation between this secondary quartz and mineralization. 
Quartz comprises 5 to 40 percent of the rock. Carbonates (3-4%) occur 
throughout.
Chalcopyrite and tetrahedrite are the most common sulfides; pyrite 
occurs in minor amounts. Smectite is rare in this assemblage and 
chlorite is absent. Small grains of tourmaline, 1/10 ram across, are 
locally present in some veinlets with quartz.
Argillic assemblage mineralogy is not present in sufficient amounts 
in any sample investigated to justify classifying the rock as argillic. 
Kaolinite and smectite have been identified in trace amounts; however, 
either propylitic or sericitic assemblage minerals always dominate.
In summary, intense alteration consists of phyllitic alteration 
(quartz and sericite). Less intense propylitic alteration consists 
of carbonates, chlorite, pyrite and some quartz and sericite. The 
higher sulfide content is associated with the most intense alteration 
(see Figure 13).
X-ray Diffraction Studies
X-ray diffraction (XRD) studies were performed to identify minerals 
in the zones of more intense alteration. Clay separated from four 
samples of the main veins of the Chisay Mine were studied. To get an 
efficient use of X-ray diffrac.:ometry in identification of minerals, a 
grain size of <2 microns was selected and two oriented and an 
unoriented mount were prepared per sample.
Figure 13. Hydrothermal Minerals and Core Assays in the Chisay 66-54 diamond drill hole.
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The four samples were found to contain the same dioctahedral 
potassium white mica (earlier described as sericite). No smectite was 
identified. Sericite is a field term used to describe any fine-grained 
white mica. Materials called sericite and having the muscovite com­
position appear to exhibit all the known polymorphs of muscovite (Yoder 
and Eugster, 1955). The mica structure consists of negatively charged 
2:1 layers that are "keyed" together by interlayer cations (in this 
case K). Layer structures of essentially similar composition that 
differ only in the layer sequences are called polytypes and usually 
have different symmetries (Bailey, 1984),
The mica polytype was recognized by the (hkl) reflections shown in 
diffractograms of the unoriented clay mounts. The four samples were 
found to be a 1 Md polytype (0® stacking angle of layer). Yoder and 
Engster (19 55) determined the stability ranges of the muscovite poli- 
morphs. The 1 Md mica, which is metastable occurs at temperatures 
between 200-350®C. During increasing metamorphism, the disordered 
structure (1 Md) is gradually replaced by a more ordered structure, the 
IM structure. With increasing temperatures and pressure, the IM 
structure changes to the 2M structure, or 1 Md directly changes to the 
2M structure.
Zoning
General
Zoning of base metal ore deposits in the form of lateral or 
vertical changes of metals or minerals has long bee. recognized in many 
mining districts in Peru including Casapalca, Huachocolpa, and Julcani. 
Plots of metal values on vein projections reveal the general nature
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of metal zoning patterns in the vein. That approach is more indicative 
of the local metal distributions in the vein than of chemical changes 
within the system. Metal content variations alone do not necessarily 
give the best representation of metal zoning because they may result 
from both physicochemical and structural controls of ore deposition 
[Goodell and Petersen (1974), Birnie and Petersen (1977), and Alvarez 
(1980)].
The use of metal ratios, however, can result in a better quantitative 
characterization of metal zoning. These metal ratios are independent of 
structural fractures and may be in response to the overall physico­
chemical variations experienced by the solutions traveling through the 
rock [Goodell and Petersen (19 74)].
In this study very little data was available at the Chisay zone 
because only a few mine workings were developed in this zone. However, 
the metal distribution of copper, silver and the contours of Ag/Cu were 
plotted on longitudinal sections along the plane of the Chisay 465 vein 
(A ore body). Chemical data collected and analyzed by Cerro de Pasco 
Corporation was largely based on a large number of channel samples 
collected in the two levels of this mine, the 468 raise, the stope 
Ch-470, some surface samples and diamond drill hole samples. Sample 
spacing was 2 meters.
Distribution of Copper
The distribution of copper is shown in Figure 14. This is a ver­
tical longitudinal SW-NE section of the Chi" y 465 vein (looking to the 
SE), which is the main control of the "A" ore body (see also Figuré 8 ).
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The host rock is a porphyritic andésite (unit 7 of the volcanic 
sequence of Chisay).
At least one ore shoot was recognized and is located in the south­
west part of the longitudinal section close to the Americana fault. 
Three diamond drill holes were cored below the 470 level to check the 
vertical extension of the mineralization. Although diamond drill hole 
Ch-66-84 failed to cut ore on the down dip projection of the Chisay 465 
vein, ore grade mineralization was encountered in three holes 
(Ch-66-54, 60 and 84) as it is shown in Figure 10.
Distribution of Silver
Figure 15 shows the distribution of silver, plotted in the same 
vertical longitudinal section of the Chisay 465 vein used for copper.
The greatest concentration of silver (more than five ounces per 
ton) is located in the central part of the section and is mainly found 
in tetrahedrite. Only one of the three diamond drill holes (CH-66-54), 
described earlier, intercepted high silver values. This indicates that 
the extension of this ore shoot at depth is doubtful.
Ag/Cu Contours
The Ag/Cu contours in the Chisay 465 vein are presented in Figure 
16. Ag/Cu values in this vein change from less than 1 in the southwest 
and at depth to more than 6 in the upper part of the section.
The shapes of the contours in this vertical longitudinal section 
are roughly those of a roll front directed upward at 45® from the 
southwest to the northeast. Thus the shapes of these Ag/Cu contours 
appear to indicate the direction of movement of mineralizing solutions, 
and indicate the possible "source" direction.
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CHAPTER V
DISCUSSION AND INTERPRETATIONS
Controls of Alteration-Mineralization
The alteration-mineraiization of the Chisay zone is mainly frac­
ture controlled. Faults and fractures tapped sources of metal-bearing 
fluids, allowing them to migrate into the depositional environment of 
the Chisay zone. The most intense alteration zones (phyllitic altera­
tion) formed envelopes around veins and ore bodies. Mineralization 
occurs as disseminations, veinlets and larger fissures forming veins 
and vein-controlled disseminated bodies. This demonstrates a strong 
control of mineralization and phyllitic alteration by fractures and 
faults.
The phyllitic envelopes range from 0.8 meters wide in small veins 
up to 9 meters wide around the ore bodies. Several examples of these 
alteration envelopes are recognized within the zone. For example, the 
"A" ore body demonstrates this relationship (see Figure 17). Here the 
3-meter vein-controlled ore body, carrying small veinlets and dissemi­
nations of chalcopyrite, tetrahedrite and minor pyrite, sphalerite and 
galena, cuts a porphyrytic andésite (unit 7 of the volcanic sequence of 
Chisay). Within the ore body the rock is phyllitically altered and 
beyond the ore body the rock is propylitically altered. Pyrite content 
of the rock also increase from 1% in the ore body to 2-5% in the propy­
litic zone and fracture density is higher near the ore body.
Similar alteration developes around the different veins and ore 
bodies are widespread throughout the deposit. Several points concerning
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this hydrothermal alteration assemblage can be made. First, because 
phyllitic alteration is a more intense form of alteration than propyli­
tic, it may require more fractured rock which allows for greater 
amounts of solution moving through the rock than does propylitically 
altered rock. Second, ore minerals are spatially more related to this 
specific assemblage (phyllic alteration).
Interpretations of the Chisay Zone
The most intense alteration found in the Chisay zone is phyllitic. 
However, more intense alteration assemblages such as advanced argillic 
and possibly economic mineralization (mainly Cu) might be found at 
depth below the Chisay zone and close to the Americana fault. Two 
lines of evidence support this model. First the Ag/Cu contours of the 
Chisay 465 vein ("A" ore body) shown in Figure 16 suggest the direction 
of movement of mineralizing solution and indicate the probable flow 
direction was directed upward at 45® from the southwest to the 
northeast. Also, because Ag/Cu contours decrease at depth, a copper- 
rich zone might be encountered with depth. Second, the occurrence of 
sericite (1 Md mica) in the wall rocks of the Chisay ore deposit 
(10-50% in the phyllitic zone and 3% in the propylitic zone), and the 
paucity of original K+ in those rocks suggests more intense metaso­
matism at depth, e.g. advanced argillic, which released the K+ now found 
in the Chisay zone. Therefore, more most intense alteration 
assemblages assemblages accompanied by intense copper mineralization 
might be found at dept^.,
Intrusive rocks around the zone (Taruca porphyry to the north and 
other porphyries to the south) do not show an obvious genetic relationship
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to ore because of a lack of spatial association within the mines. 
However, an association between ore and intrusive rocks may exist; 
intrusive rocks may be found at depth. Two lines of evidence support 
this interpretation. First the host (porphyritic andésite) may be a 
sill and mineralization occurred slightly later than intrusion and due 
to igneous activity related to this sill. The porphyritic nature of 
this rock suggests that this sill may be related to a porphyry system 
and disseminated copper-silver porphyry system may be found at depth. 
Second the adjacent Casapalca deposit has been shown to have been 
mineralized by hydrothermal solutions containing a magmatic water com­
ponent (Rye and Sawkins, 19 74).
The origin of propylitic alteration is not clear in the Chisay 
zone. It could have resulted from either hydrothermal solutions or low 
grade regional metamorphism. However, the restriction of alteration to 
the mineralized units 6 and 7 (conglomerates and porphyries) supports a 
hydrothermal alteration origin.
The absence of an argillic alteration zone is not understood in 
the Chisay zone. Two models can explain the lack of this zone. In the 
first model two stages of alteration may be present. The early altera­
tion event would have formed a normal zonation of alteration, phyllic 
grading outward to argillic and argillic rimmed by propylitic. A later 
alteration event would expand the phyllic zone at the expense of the 
argillic zone (Meyer and Hemley 1967). If this model is valid, :hen 
some argillic alteration should have been preserved. Because no 
argillic alteration has been observed I believe this possibility is 
unlikely. In the second model no argillic alteration formed because of 
a lack of sufficient chemical constituents to form the necessary
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mineralogy. The second model is supported by the lack of argillic 
alteration near the veins and ore bodies of the Chisay zone.
Therefore, the alteration zones of the Chisay zone probably formed 
concurrently by an advancing front of hydrothermal solutions, which 
emanated from depth through the fractures and faults. The solutions 
altered the rocks through a combination of cation leaching and intro­
duction of elements including H+, S", and K+(?) at moderate temperatures 
The solutions changed with distance from their source and became less 
reactive due to the buffering effect of the wall rock. Thus the reac­
tion was least intense farthest from the center, producing propylitic 
alteration and most intense near the hydrothermal source producing 
phyllitic alteration.
Comparison with the Casapalca System
The Chisay zone ore deposits (and probably the copper deposits of 
Caprichosa, Antachajra and Luisa to the south of the Chisay mine) may 
have formed from a hydrothermal system related to that which formed 
the Casapalca vein system.
There are many similarities between the Casapalca and Chisay 
systems. These include fracture trends, mineralogy and textures, asso­
ciated volcanism, alteration suites, fracture control of mineralization- 
alteration among others. Table 10 shows the general characteristics 
of the Chisay zone deposits compared to the Casapalca vein system.
Differences between the Casapalca and Chisay systems, include types 
of hof rock and intensity and mineralogy of wall rock alteration. The 
copper rich zone (zone 1) of the Casapalca vein system, located in red 
beds and Machay limestone (see Figures 2 and 4), shows very intense
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TABLE 10. Characteristics of the Chisay Zone deposits compared to the 
Casapalca vein system.
Similarities
1. Association in space and time with inferred calc-alkaline igneous 
activity
2. Hydrothermally transported ore components deposited at clearly 
epigenetic stages from solutions in fractures and fault veins
3. Ore minerals as typically open space fillings and some 
replacement
4. Well developed zonation in the planes of veins
5. Fracture control of mineralization-alteration
6. Simple mineralogy: pyrite, sphalerite, galena, chalcopyrite and
tetrahedrite
7. Associated volcanism (Carlos Francisco formation)
8. Tectonic setting 
Differences
1. Differences in the amount of metals and size of veins
2. Differences in host rocks and widths of wall rock alteration
3. Different paragenesis of ore minerals
4. Different general zoning of the vein systems
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wall rock alteration consisting of fine-grained quartz-rich rock with 
disseminations of pyrite and epidote nodules; alteration extends 
several hundred meters outward from the vein. Outboard from this zone, 
less intense alteration and bleaching of the red beds. Carmen conglo­
merate, Tablachaca volcanics and the Carlos Francisco porphyry (zone
2). This alteration zone is up to 30 meters wide. A weak propyliti­
cally altered zone, a few centimeters wide, in the red beds. Carmen 
conglomerate and Carlos Francisco porphyry (zone 3), is peripheral to 
this alteration facies.
In contrast to the Casapalca vein system, the widths of the 
alteration facies of the Chisay zone are less and so the amount of 
mineralization. The most intense alteration zone (phyllitic altera­
tion) forms envelopes up to 9 m wide around the veins and ore bodies. 
Less intense propylitic alteration extends mostly into unit 6 and 7 
(conglomerates and porphyries)of the volcanic sequence. More intense 
alteration assemblages are expected at depth in this system.
Other differences between these two deposits include the paragene­
sis of the ore minerals. Four stages of vein growth in the Casapalca 
vein system include (see Figure 3): 1) sphalerite-galena-pyrite; 2)
chalcopyrite-pyrite-sphalerite; 3) tetrahedrite; and 4) quartz, car­
bonates (Rye and Sawkins, 1974; Wu and Petersen, 1977).
Paragenesis of the Chisay zone veins, on the other hand, show the 
following sequence of deposition (see Figure 11); 1) quartz-pyrite; 2)
chalcopyrite (and some sphalerite and galena); 3) tetrahedrite; and 4) 
carbonates.
Differences also include the amount of lead, zinc, and silver. 
Zones 1 and 2 of the Casapalca vein system show higher concentrations
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of zinc (more than 10%). The highest concentrations of lead (more than 
10%) are located in zone 2. Ore shoots of silver (more than 20 ounces 
per ton) are located mainly in zones 2 and 3 of this system (see Figure
4).
The Chisay zone deposits, on the other hand, do not show these 
high concentrations of metals. Most of the ore zones of the Chisay 
system contain less than 1% lead and approximately the same amount of 
zinc. The highest concentrations of silver (more than 5 ounces) are 
found in the Chisay 465 vein (A-ore body).
Finally, differences between these two systems include size of 
veins. Whereas the Casapalca vein system is about 5 km long and 
extends over a vertical distance of 2 km, the Chisay zone consists of 
shallow fractures, 100 m long and extends over an unknown vertical 
distance of at least 150 m.
However, while the differences between the two systems exist, 
their similarities are impressive and strongly suggest they are geneti­
cally related.
CHAPTER VI 
CONCLUSIONS AND RECOMMENDATIONS
Conclusions
1. Seven lithologie units were recognized in the volcanic 
sequence of Chisay, having a total thickness of approximately 550 
meters. The rocks include lava flows, conglomerates, mud flows and 
volcaniclastics and a silK?) (see Table 3).
2. The veins and ore bodies of the Chisay zone, with the excep­
tion of the Carmencita vein, strike northeast and crop out very close 
to the Americana fault.
3. Paragenesis of the Chisay ore minerals shows the following 
Sequence of deposition; 1) quartz-pyrite; 2) chalcopyrite (sphalerite 
and galena); 3) tetrahedrite; and finally 4) carbonates.
4. The most intense alteration assemblage of the Chisay deposit 
consists of phyllitic alteration of quartz-sericite. Less intense, 
propylitic alteration consists of carbonates, chlorite, pyrite, and 
some quartz and sericite. No argillic assemblage has been observed.
5. X-ray diffraction studies indicate that the main mineral of 
the phyllitic zone of the Chisay deposit is a dioctahedral potassium 
white mica 1 Md. This mica type usually occurs at temperatures of
about 200-350°C.
6 . The metal ratios of Ag/Cu at the Chisay 465 vein ("A" ore 
body) rather than metal abundances, indicate the Chisay deposit is 
zoned. Furthermore, the zoning suggests the direction of movement of 
mineralizing solutions was upward at 45® from the southwest. Because
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ore minerals are spatially assoicated with the southwest dipping 
Americana fault, they may be genetically related to it.
7. The possibility of finding more intense alteration assemblages 
and more mineralization (mainly CXi) at depth in the Chisay zone close 
to the Americana fault exists. Either a vein system or a porphyry 
copper system may exist at depth.
8 . The alteration-mineralization processes of the Chisay zone are 
fracture controlled, Phyllitic alteration formed envelopes around 
veins and ore bodies.
9. The differences in zoning, paragenesis, host rocks, vein size 
and the amount of metals indicate that the Chisay system is slightly 
different from the Casapalca vein system. However, because the minera­
logy, alteration suites and the fracture trends are similar, the two 
systems were probably mineralized at approximately the same time and 
are genetically related.
Recommendations
All available geologic information suggests that the main explora­
tion targets are located to the southwest of the Chisay A and B ore 
bodies and close to the Americana fault. The extension of these ore 
bodies to the southwest and at depth (below the 470 level) is pro­
mising but they would be less Ag-rich. Additional diamond drill holes 
toward these deeper zones will provide more information needed to 
clarify geologic interpretations such as extension of the ore bodies 
or occurrence of different ore bodies. It is expected these drill 
holes will intersect more intense alteration assemblages at depth and 
possibly a major zone of copper mineralization.
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I also suggest further exploration to the southeast of the Chisay 
ore bodies in talus parallel to the Americana fault, to check other 
structures at depth such as "Carmencita" vein and at least four more 
structures which crop out farther to the southeast (see Plate 1), More 
disseminated and vein-type copper mineralization is expected at depth. 
Further development of the Chisay mine should be performed in the 
deeper zones of the mine, below the 470 level.
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